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Falcataria moluccana is important for reforestation and afforestation in Indonesia. However, epidemic of
gall rust disease in F. moluccana plantations decreases its productivity. Genetic engineering is an alter-
native solution to against gall rust disease. Somatic embryogenesis is an efﬁcient in vitro plant regen-
eration for successful plant improvement through genetic engineering. The objective of this study was to
investigate the effect of thidiazuron and light treatments on the induction of somatic embryogenesis of F.
moluccana. The effects of thidiazuron concentration (5, 10 or 15 mM) and light (continuous light, 7 days of
dark followed by light, or continuous dark) on the induction of somatic embryogenesis in leaf explants
were assessed. The highest production of somatic embryos was obtained in 5 mM thidiazuron and dark
treatments for 7 days followed by light in Murashige and Skoog medium supplemented with 1.2 g/
L proline. Histological analysis in globular and cotyledon stages conﬁrmed that cells had progressed to
secondary somatic embryogenesis. This research needs more improvements to become a successful and
efﬁcient somatic embryogenesis method and as a potential method for successful plant improvement
through genetic engineering in F. moluccana.
Copyright © 2017 Institut Pertanian Bogor. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Sengon [Falcataria moluccana (Miquel) Barneby & Grimes] is a
fast-growing tree, which is planted for reforestation and affores-
tation in Indonesia. The wood of F. moluccana is useful for
fuelwood and light construction, and is a source of material for
making musical instruments and paper pulp (Soerianegara and
Lemmens, 1994). However, epidemic of gall rust disease in
F. moluccana plantations, especially in Java Island makes the pro-
ductivity of F. moluccana decrease (Lestari et al. 2013). Genetic en-
gineering is alternative solution to against gall rust disease in
F. moluccana. An efﬁcient in vitro plant regeneration system is
needed for successful plant improvement through genetic engi-
neering. Somatic embryos are an alternative target tissue for
Agrobacterium-mediated transformation in Hevea brasiliensis
(Huang et al. 2015).a).
nian Bogor.
r. Production and hosting by ElsTodate, there are onlya fewstudies on somatic embryogenesis of
F. moluccana compared with other legume plants. Induction of so-
matic embryogenesis of F.moluccana using various types of explants
and plant growth regulators obtained embryogenic calli only
(Damanik, 1999; Sumiasri et al. 2006; Hartati, 2011). In contrast,
regeneration of plants through somatic embryogenesis was suc-
cessful for some other legume plants including the use of thidia-
zuron alone for Lens culinaris (Chhabra et al. 2008) and Cajanus
cajan (Aboshama, 2011), or thidiazuron combined with 6-
benzylaminopurine for the regeneration of Vigna umbellata (Saini
and Chopra, 2012). In addition, the regeneration of Acacia arabica,
Acacia catechu, Hardwickia binata, and Dalbergia sissoo through so-
matic embryogenesis was conducted successfully using a combi-
nation of proline and several plant growth regulators (Das, 2011).
The success of plant regeneration through somatic embryogenesis
was reported to be inﬂuenced by light. For example, dark conditions
for 9 days were required in the early stage of induction of somatic
embryogenesis inTetrapleura tetraptera leaves (Opabode et al. 2011).
The objective of this study was to investigate the effects of
thidiazuron and light treatments on the induction of somaticevier B.V. This is an open access article under the CC BY-NC-ND license (http://
A. Sunandar, et al106embryogenesis of F. moluccana. Successful induction of somatic
embryogenesis would represent a useful starting point for plant
breeding of F. moluccana via genetic transformation.
2. Materials and Methods
2.1. Seed germination
Mature dried seeds of F. moluccana were washed with a deter-
gent under running tap water for 15 min and then soaked in hot
water (100C) for 3 min. The seeds were soaked in distilled water
overnight at room temperature. The seeds were sterilized using
20% (v/v) commercial sodium hypochlorite (NaOCL) and two drops
tween-20 for 15 min, and washed three times with sterilized
distilled water. The sterilized seeds were incubated on Murashige
and Skoog (MS) medium (Murashige and Skoog 1962) containing
3% sucrose and 0.3% agar (gellan gum) and maintained at
25C ± 2C with 16-h photoperiod for 4 weeks.
2.2. Induction of somatic embryogenesis
Induction of somatic embryogenesis beganwith the induction of
compact calli. Mature leaﬂet explants were collected from the 2nd
and 3rd leaﬂets from 2 weeks in vitro seedlings and inoculated
aseptically on the MS mediumwith different concentrations of thi-
diazuron (5, 10, or 15 mM) (Chhabra et al. 2008), and different light
treatments (continuous light, 7 days of dark followed by light, or
continuous dark) at 25C ± 2C and 16-h photoperiod for 4 weeks.
Compact calli obtained from thidiazuron and light treatments
were transferred to MS medium supplemented with 1.2 g/L proline
(Murch et al. 1999), using the same thidiazuron concentrations and
light treatment conditions as those used for the induction of
compact calli. Morphological changes of calli and the number of
somatic embryos were noted every 2 weeks for all treatments.
2.3. Histological assessment of F. moluccana somatic embryos
Histological assessment of somatic embryos was conducted by
ﬁxing the somatic embryos in formaldehyde:acetic acid glacial:e-
thanol 70% (5:5:90) solution for 24 h. The somatic embryos were
dehydrated and cleared using serial solutions of Johansen IeVII
(Johansen 1940), then embedded in parafﬁnwax and sliced using a
rotary microtome at 10 mm thickness. Sliced somatic embryos were
stained using 2% safranin and 1% aniline blue, and then observed
under a light microscope.
2.4. Experimental designs and data analysis
Complete randomized design in factorial arrangement
(thidiazuron  light) was used in this study. Each treatment
consisted ofﬁve bottles, eachbottle containingﬁve compact calli. The
experiment was repeated four times. All experimental data were
subjected to analysis of variance, and signiﬁcant p< 0.05meanswere
determined with the Duncan multiple range test, to distinguish dif-
ferences between treatment means at the a ¼ 0.05 level using SPSS
software, version 16 (SPSS Inc, Chicago, IL).
3. Results
3.1. Effect of thidiazuron and light treatments on somatic
embryogenesis
In this study, compact calli were the starting point for the in-
duction of somatic embryogenesis in F. moluccana. Compact calli
were obtained in all thidiazuron and light treatments (Figure 1A).
The treatments caused different color responses in the compact
calli. Compact calli turned green under continuous light and 7 days
of dark followed by light treatment, but yellowish brown under
continuous dark conditions. Embryogenic calli were obtained onMS medium supplemented with 1.2 g/L proline in the presence of
5 mM thidiazuron and 7 days of dark followed by light treatments.
Embryogenic cells developed into globular, heart, torpedo, and
cotyledon stages (Figure 1).
Thidiazuron and light treatments had signiﬁcant impact on the
induction somatic embryogenesis. However, there was no evidence
suggesting an interaction between thidiazuron and light treat-
ments (Table 1). The highest induction frequency for somatic
embryogenesis was obtained with 5 mM thidiazuron on MS me-
dium supplemented with 1.2 g/L proline over 7 days of dark fol-
lowed by light treatment (Table 1; Figure 1). No signiﬁcant effect on
the induction of somatic embryogenesis was obtained with the
other thidiazuron concentrations (10 and 15 mM) under either
continuous light or continuous dark treatments.
3.2. Inﬂuence of light treatment on the timeline development
of somatic embryogenesis
Thidiazuron and light treatments not only had an effect on the
number of somatic embryos, but also inﬂuenced the timeline
development of somatic embryogenesis induction. In 7 days of dark
followed by light treatment with 5 mM thidiazuron and 1.2 g/
L proline, the globular, heart, and cotyledon stages were formed at
2, 4, and 7 weeks post-treatment, respectively. In continuous light
treatment with 5 mM thidiazuron and 1.2 g/L proline, the globular
and heart stages were formed at 2 and 13 weeks post-treatments,
respectively, but failed to reach further stages of development. In
continuous dark treatment with 5 mM thidiazuron and 1.2 g/
L proline, the globular and heart stages were formed at 2 and 17
weeks post-treatment, respectively, but failed to reach further
stages of development.
3.3. Histology of somatic embryo
Somatic embryos of F. moluccana were failed to germinate. The
longitudinal section at the globular and cotyledon stages showed
the development of secondary embryogenesis. Asymmetric divi-
sion was found in the epidermal tissue at the globular stages,
whereas embryogenic globular structures were found at the coty-
ledon stage (Figure 2). Both globular and cotyledon stages that
progressed to secondary embryogenesis showed no further devel-
opmental growth.
4. Discussion
In this study, somatic embryogenesis of F. moluccana was
induced. Thidiazuron and light treatments had effect on the in-
duction somatic embryogenesis, but there was no evidence to
suggest an interaction between thidiazuron and light treatments,
implying each has different roles in the induction of somatic
embryogenesis. Thidiazuron at 5 mM is the optimal concentration to
induce somatic embryogenesis of F. moluccana than 10 and 15 mM.
In other study, thidiazuron at 5 mM is the optimal concentration to
induce somatic embryogenesis of L. culinaris (Chhabra et al. 2008).
It was reported that thidiazuron induced the endogenous plant
growth regulators, in particular auxin and cytokinin (Murthy et al.
1995). Cytokinin increases cell division and differentiation
(Aboshama 2011), whereas auxin contributes to cell speciﬁcation,
dedifferentiation, and differentiation (Prasad and Dhonukshe
2013). A previous study showed that light with 2,4-Dichloro-
phenoxyacetic acid was a signal for G protein, nucleoside-
diphosphate kinase, and arrestin protein for the induction of cell
proliferation and differentiation in somatic embryogenesis in Tri-
ticum aestivum (Nato et al. 2000). In this study, thidiazuron was
effective at relatively high concentrations as reported previously in
Cinnamomum pauciﬂorum, which need 2.5 mM thidiazuron (Kong
et al. 2009).
Table 1. Effects of thidiazuron and light treatments on the mean of somatic embryos
in 17 weeks post-treatment
Light treatments
Thidiazuron,
mM
Continuous
light
7 d of dark
conditions
followed by
continuous
light treatment
Continuous
dark
Means*
5 1.2 2.5 0.8 1.5a
10 0.5 1.2 0 0.6b
15 0.3 0.8 0 0.3b
Means* 0.6b 1.5a 0.3b e
* Each value represents mean in globular stages (minimum). Means followed by
different letter are signiﬁcant according to Duncan multiple range test (p ¼ 0.05).
Figure 1. Induction of somatic embryogenesis of F. moluccana. (A) Compact callus on MS medium supplemented with 5 mM thidiazuron in 7 days of dark conditions followed by
continuous light treatment at 4 weeks post-treatment, (B) embryogenic callus (red arrow head), (C) globular stage (red arrow head), (D) heart stage (red arrow head), (E) torpedo
stage (red arrow head), (F) early cotyledon stage (red arrow head), and (G) late cotyledon stage (red arrow head). (BeG) On MS medium supplemented with 1.2 g/L proline and 5 mM
thidiazuron in 7 days of dark conditions followed by continuous light treatment at 1, 2, 4, 6, 7, and 8 weeks post-treatment, respectively. (AeG) Bar 1 mm. MS ¼ Murashige and
Skoog.
Induction of Somatic Embryogenesis 107Furthermore, in our study, light treatments had signiﬁcant in-
ﬂuence on the induction of F. moluccana somatic embryogenesis,
and we found that 7 days of dark treatment followed by light to be
the optimal treatment condition for the induction of somatic
embryogenesis. Dark treatment early in the induction of somatic
embryogenesis provides a signaling cue for cells todecide on growth
direction, whether to increase the endogenous hormone level, or
increase the sensitivity to plant growth hormones (Zobayet and
Saxena 2003). Dark treatment was reported previously to decrease
tissue browning (George 1993) thatwas caused by inactivation of an
oxidation enzyme in plant tissue (Zobayet and Saxena 2003). In the
induction of somatic embryogenesis of geranium, it was found thatcontinuous light treatment decreased the level of endogenous plant
growth regulators and then inhibited somatic embryogenesis
(Hutchinson et al. 2000). In addition, in cauliﬂower, continuous dark
treatment could increase ethylene synthesis (Sasaki 2002). A pre-
vious study showed that increased ethylene synthesis inhibited
somatic embryogenesis in D. sissoo (Sahu et al. 2014).
In this study, somatic embryos were failed to germinate, and
longitudinal section showed asymmetric division at globular stage
and embryogenic globular structures at cotyledon stage. High con-
centrations of endogenous auxin induced asymmetric division at the
epidermal globular stage as well as an embryogenic globular struc-
ture, which is in agreement with a previous report of asymmetric
division and embryogenic globular structure formation in Alyssum
borzaeanum (Paunescu 2008). High auxin concentration sustained
over a longperiod could also inhibit auxinpolar transport (Goldsmith
1982), thus inducing abnormal somatic embryos in Scots pine
(Abrahamsson et al. 2012). Auxin transport is required for the
developmental transition from the globular to heart stage in Picea
abies (Ramarosandratana and van Staden 2004), but the presence of
auxin in the late globular stage inhibits differentiation, causing the
tissue return to a less differentiated state (Terzi and Lochiavo 1990).
In addition, it should be noted that in this study, induction of
somatic embryogenesis of F. moluccana requires a higher proline
concentration (1.2 g/L) than D. sissoo, A. catechu, Acacia arabica, and
H. binata, which need 0.6 g/L proline (Das 2011). The roles of proline
in somatic embryogenesis include that as a nitrogen storage pool,
Figure 2. Longitudinal section of somatic embryo in 5 mM thidiazuron treatment in combination with 7 days of dark conditions followed by continuous light treatment on MS
medium supplemented with 1.2 g/L proline. (A) Asymmetric division at 2 weeks post-treatment globular stage (red arrow head), (B) embryogenic globular structures at 6 weeks
post-treatment cotyledon stage (red arrow head). Bar 100 mm.
A. Sunandar, et al108an osmoticum, and a source of NADPþ for embryonic development
(Ghanti et al. 2009).
This study shows the beneﬁt of thidiazuron and light treatments
in the induction of somatic embryogenesis of F. moluccana. Thi-
diazuron at 5 mMconcentration and 7 days of dark followed by light
treatment were the optimal treatment conditions for the induction
of somatic embryogenesis of F. moluccana on MS medium supple-
mented with 1.2 g/L proline. This research needs more improve-
ments to become a successful and efﬁcient somatic embryogenesis
method and as a potential method for successful plant improve-
ment through genetic engineering in F. moluccana.Conﬂict of interest
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